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This  investigation  was  conducted  to  determine  if  adequate  quantities 
of  good  quality  fine  aggregate  and  coarse  aggregate  could  be  excavated  at 
a  reasonable  cost  from  two  designated  locations.  This  report  describes  the 
geology  of  the  aggregate  sources  and  presents  the  results  of  the  field  explo¬ 
rations  and  laboratory  testing  program. 

The  sites  investigated  were  found  to  contain  adequate  quantities  of 
good  quality  fine  and  coarse  aggregates  suitable  for  use  in  the  planned 
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in  the  alkali-silica  reaction,  it  is  recommended  that  low-alkali  portland 
cement  be  required  in  the  concrete. 
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PREFACE 


The  investigation  reported  herein  was  authorized  by  the  U.  S.  Army 
Engineer  District,  Sacramento,  Corps  of  Engineers,  on  DA  Form  2544, 

No.  SPEED- F-81-22,  "Fort  Irwin,  California  -  Aggregate  Exploration  and 
Testing,"  dated  1  July  1981. 

The  field  investigation  was  conducted  during  July-August  1981  by 
personnel  of  the  U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES), 
Geotechnical  Laboratory  (GL) ,  Pavement  Systems  Division  (PSD),  and  Engi¬ 
neering  Geology  and  Rock  Mechanics  Division  (EG&RMD) ,  under  the  general 
supervision  of  Drs.  W.  F.  Marcuson  III  and  P.  F.  Hadala,  Chief  and  As¬ 
sistant  Chief  of  GL,  respectively,  and  under  the  direct  supervision  of 
Messrs.  J.  W.  Hall,  Jr.,  PSD,  and  J.  H.  Shamburger,  EG&RMD.  The  South 
Pacific  Division  Laboratory,  Corps  of  Engineers,  Sausalito,  California, 
conducted  the  laboratory  testing  program.  The  WES  personnel  who  re¬ 
viewed  the  laboratory  test  results  were  Messrs.  L.  M.  Smith,  S.  L. 
Webster,  E.  R.  Brown,  and  A.  D.  Buck.  This  report  was  prepared  by 
Messrs.  Webster  and  Smith,  who  respectively  wrote  the  engineering  and 
geology  phases  of  the  investigation. 

The  Commander  and  Director  of  the  WES  during  this  investigation 
and  the  preparation  of  the  report  was  COL  Tilford  C.  Creel,  CE.  The 
Technical  Director  was  Mr.  Fred  R.  Brown. 
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CONVERSION  FACTORS,  U.  S 
UNITS  OF  1 


U.  S.  customary  units  of  measurement  used  in 
to  metric  (SI)  units  as  follows: 


square  yards 

tons  (2000  lb,  mass) 


_ ?£. _ 

0.7645549 

0.3048 

25.4 

1.609344 

6.894757 

0.4535924 

16.01846 

0.8361274 

907.184/ 
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TO  METRIC  (SI) 


this  report  can  be  converted 

_ To  Obtain _ 

cubic  metres 

metres 

millimetres 

kilometres 

kilopascals 

kilograms 

kilograms  per  cubic 
metre 

square  metres 
kilograms 


ENGINEERING  AND  GEOLOGIC 
INVESTIGATION  OF  POTENTIAL  SOURCES  OF 
AGGREGATE,  FORT  IRWIN,  CALIFORNIA 


PART  I:  INTRODUCTION 


Background 


1.  Fort  Irwin  is  located  40  miles  north  of  Barstow,  California. 
Planned  construction  at  Fort  Irwin  for  the  National  Training  Center 
consists  of  a  number  of  buildings,  roads,  parking  areas,  and  other 
structures  in  the  cantonment  area,  an  airfield  with  structures  and 
aprons,  and  a  railroad  spur.  The  total  amount  of  bituminous  and  con¬ 
crete  aggregate  required  for  construction  ranges  between  200,000  and 
300,000  tons.* 


Objective 

2.  The  objective  of  this  investigation  was  to  determine  whether 
an  adequate  quantity  of  good  quality  sand  and  gravel  could  be  excavated 
at  reasonable  cost  from  two  designated  locations,  FA-2  and  CA-2 
(Figure  1).  Sufficient  laboratory  testing  was  to  be  conducted  to  deter¬ 
mine  the  adequacy  of  the  materials  for  use  as  select  borrow,  stabilized 
aggregate  base  course,  and  in  bituminous  and  portland  cement  concrete. 


Scope 


3.  The  scope  of  the  investigation  involved  five  tasks,  which  were 
accomplished  as  follows: 

a.  Task  1.  Eight  trenches  were  excavated  at  site  FA-2.  Test 
trench  locations  were  limited  to  areas  that  had  been 
cleared  of  ordnance  by  an  Army  explosive  ordnance  disposal 
(EOD)  team.  A  backhoe  was  used  to  dig  the  10-ft-deep 
trenches.  Logs  of  the  materials  encountered  were 


*  A  table  of  factors  for  converting  U.  S.  customary  units  of  measure¬ 
ment  to  metric  (SI)  units  is  presented  on  page  3. 
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constructed.  Samples  were  taken  at  approximately  5-ft- 
depth  intervals,  and  laboratory  tests  were  conducted  for 
gradation  and  Atterberg  limits  on  the  minus  2-1/2-in. 
material. 

b_.  Task  2.  Surface  materials  at  site  CA-2  were  mapped  and 
areas  containing  good  quality  gravels  were  identified. 

c_.  Task  3.  Twenty  trenches  were  excavated  by  a  backhoe  (5- 
to  10-ft  depths)  at  selected  areas  (determined  under 
Task  2)  at  site  CA-2.  Materials  in  the  trenches  were 
logged.  Samples  were  taken  at  approximate  5-ft-depth 
intervals,  and  laboratory  tests  were  conducted  for  gra-. 
tion  and  Atterberg  limits  on  the  minus  2-1/2-in.  mater.' 

jd.  Task  4.  Approximately  4  tons  of  pit-run  bulk  sample  w 
obtained  from  each  site,  FA-2  (near  test  trench  T6)  an 
CA-2  (near  test  trench  T2) .  The  material  from  site  CA- 
was  sieved  through  a  grate  containing  parallel  bars  spaced 
with  8-in.  openings.  The  bulk  samples  were  shipped  to  the 
laboratory  for  testing. 

jj.  Task  5.  The  bulk  pit-run  aggregate  samples  were  processed 
and  tested  at  the  laboratory  for  use  as  select  borrow 
materials,  soil  cement  stabilization,  stabilized  aggregate 
base  course,  and  bituminous  and  concrete  mix  designs. 

4.  This  report  describes  the  geology  of  the  aggregate  sources  and 
presents  the  results  of  the  field  explorations  and  laboratory  testing 
program.  This  report  also  discusses  the  potential  of  the  aggregate 
sources  for  use  as  select  borrow,  soil  cement  stabilization,  and  stabi¬ 
lized  aggregate  base,  and  of  bituminous  and  Portland  cement  concrete 
made  with  these  aggregates.  The  conclusions  and  recommendations  made 
concern  the  development  of  the  aggregate  locations. 
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PART  II:  GEOLOGY  AND  FIELD  EXPLORATIONS 


5.  The  availability  and  value  of  an  aggregate  resource  is  largely 
a  function  of  the  geologic  history  of  the  area.  Part  II  describes  the 
geologic  (geomorphic)  conditions  that  strongly  influence  the  availabil¬ 
ity  and  value  of  aggregate  resources  at  sites  FA-2  (fine  aggregate)  and 
CA-2  (coarse  aggregate) . 


Fine  Aggregate  Site  FA-2 


Geologic  setting 

6.  Fine  aggregate  site  FA-2  is  located  in  the  lower  reaches  of  a 
dry  wash  which  drains  an  intermontane  region  (Bicycle  Lake  basin)  be¬ 
tween  the  Granite  Mountains  to  the  north,  the  Tiefort  Mountains  to  the 
southeast,  and  an  unnamed  range  to  the  west  and  southwest  (Figure  1). 
Source  areas  within  the  drainage  basin  include  Mesozoic  granitic  rocks. 
Tertiary  and  Quaternary  volcanics,  and  partially  cemented  and  unconsoli¬ 
dated  Quaternary  alluvium,  colluvium,  and  lacustrine  deposits.  The 
Mesozoic  granitic  rocks  are  derived  primarily  from  a  low  northeast- 
southwest  trending  outlier  of  the  Granite  Mountains  which  supply  igneous 
(granite,  diorite,  granodiorite,  adamellite,  and  tonalite),  metaigneous, 
and  small  amounts  of  metamorphic  sediments  (quartzite,  gneiss,  and 
schist).  The  Tertiary  volcanic  rocks  are  derived  from  the  unnamed  range 
to  the  west,  which  provides  andesite,  rhyolite,  dacite,  and  pyroclas- 
tics,  a  Tertiary  basalt  flow,  and  several  small  Pleistocene  basalt 
plugs.  The  unconsolidated  and  semiconsolidated  •,  laternary  deposits  in 
the  form  of  alluvial  fans  and  aprons,  talus  cones,  lacustrine  terraces, 
valley-floor  alluvium,  and  pediment  veneers  provide  granitic  and  volcan¬ 
ic  detritus  to  the  wash  system. 

7.  Sample  sites  are  located  in  the  lower  2.16  miles  of  the  wash 
and  extend  from  the  intersection  of  the  wash  and  an  east-west  paved  road 
southward  across  Barstow  Road  onto  the  northern  end  of  Bicycle  Lake 
basin.  The  wash  enters  the  lower  reach  as  a  wide,  shallow,  braided 
channel  typical  of  ephemeral  streams  of  arid  regions.  This  character  is 
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maintained  southward  through  sample  sites  T5,  T4,  and  T3.  Between  sam¬ 
ple  sites  T3  and  T2  the  channel  evolves  into  a  more  narrow  (and  probably 
more  deeply  entrenched)  slightly  sinuous  channel  having  a  distinct  thal¬ 
weg  with  a  few  short  reaches  of  anastomosing  channels.  Just  north  of 
sample  site  T2  the  channel  passes  through  a  gap  separating  a  granitic 
outlier  to  the  east  and  an  erosional  remnant  of  partially  cemented 
Pleistocene  alluvium  on  the  west.  As  the  channel  turns  to  the  southeast 
at  sample  site  T2,  it  breaks  up  into  a  system  of  small  distributary 
channels  which  flow  across  Barstow  Road  forming  a  broad  fan  that  slopes 
gently  into  the  northern  end  of  Bicycle  Lake  basin.  Sample  sites  T6,  T7, 
and  T8  are  located  on  the  medial  portion  of  this  fan  about  0.40  miles 
east  of  Barstow  Road. 

8.  Alluvial  deposits  visible  in  the  channel  bed  and  encountered 
in  the  sample  trenches  reflect  their  mode  of  deposition  and  the  geologic 
history  of  the  source  area.  The  trenches  revealed  multiple  sets  of 
fining  upward  sequences  grading  upward  from  gravel  to  fine  sand.  The 
sediments  occur  primarily  in  horizontal  parallel,  horizontal  discontinu¬ 
ous,  lenticular,  and  graded  planar  beds  in  most  (graveliferous)  cases 
and  low-angle  and  avalanche  front  cross-stratified  beds  in  the  finer- 
grained  (sand)  units.  Volcanics  (andesite,  basalt,  dacite,  and  rhyolite) 
comprise  most  of  the  gravel,  cobbles,  and  boulders  and  are  well-rounded 
and  usually  imbricated  when  undisturbed.  The  sand  fraction  is  primarily 
composed  of  monocrystalline  quartz  and  feldspars,  and  cryptocrystalline 
quartzite,  andesite,  and  dacite.  During  brief  periods  of  flow,  discharge 
apparently  infiltrates  rapidly  into  the  wide  unconsolidated  bed,  reducing 
the  ability  of  the  stream  to  transport  gravel  and  larger  material.  The 
result  is  a  rough  downstream  decrease  in  the  percentage  of  gravel,  cob¬ 
bles,  and  boul'L-rs  and  a  decrease  in  median  grain  size.  This  rough  trend 
may  be  seen  from  sample  site  T4  downstream  through  sites  T3,  T2,  T1 ,  and 
T7.  Although  the  base  of  alluvium  in  the  wash  was  encountered  only  once 
during  sample  trench  excavation  (granite  was  found  at  a  depth  of  7.5  ft 
at  sample  site  T2),  the  thickness  of  the  alluvium  in  the  wash  is  probably 
not  much  greater  than  10  ft.  This  thickness  may  extend  to  several  tens 
of  feet  out  on  the  fan  (region  of  sample  sites  T6,  T7,  and  T8). 
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Geologic  influences 
on  aggregate  resource 

9.  Four  basic  considerations  of  a  potential  aggregate  resource 
that  are  controlled  primarily  by  geologic  conditions  are:  (a)  gradation 
of  material,  (b)  petrology  (soundness),  (c)  volume  of  potential  aggre¬ 
gate,  and  (d)  accessibility  of  the  resource.  Gradation  distributions 
are  controlled  by  the  energy  of  local  geomorphic  processes.  Petrology 
is  dictated  by  the  geologic  history  of  the  source  area.  Volume  is  a 
function  of  the  rate  and  period  of  geomorphic  process.  Accessibility  is 
a  function  of  the  geologic  history  of  the  depositional  area.  In  the 
examination  of  potential  aggregate  source  locations  in  the  FA-2  and  CA-2 
sites,  selection  of  the  best  locations  for  aggregate  acquisition  was 
made  based  on  the  consideration  of  the  spatial  variability  of  these  four 
considerations. 

10.  The  unidirectional  variation  in  rate,  energy,  and  period  of 
geomorphic  processes  combined  with  a  general  knowledge  of  the  geologic 
history  of  the  sediment  source  and  depositional  areas  allows  some  defin¬ 
itive  conclusions  to  be  made  regarding  potential  aggregate  location  in 
the  FA-2  site.  As  mentioned  previously,  there  is  a  rough  downstream  de¬ 
crease  in  the  percentage  of  coarse  (gravel  or  larger)  materials.  There 
should  also  be  an  increase  in  the  sorting  of  materials  downstream,  espe¬ 
cially  in  interchannel  areas  on  the  downstream  fan  (the  vicinity  of  sam¬ 
ple  sites  T6,  T7,  and  T8) .  Petrologic  variability  probably  consists  of 
a  small  increase  in  granitic  rocks  downstream  of  sample  site  T2,  as  the 
wash  receives  direct  input  of  detritus  from  the  granitic  outlier  on  its 
east  bank,  and  a  decrease  in  friable  materials  (pyroclastics ,  or  tuff) 
downstream  due  to  abrasion.  As  the  wash  emerges  from  the  constriction 

at  sample  site  T2,  it  evolves  from  an  environment  of  intermittent  storage 
and  transport  of  sediment  (the  single  channel)  to  an  environment  of  pri¬ 
marily  storage,  as  evidenced  by  the  distributary  system  of  channels  and  a 
relatively  broad  fan  of  sediment.  The  volume  of  potential  aggregate  is 
greatest  on  this  fan.  The  fan  area  is  also  adjacent  to  Barstow  Road  and 
the  CA-2  site  and  may  be  readily  traversed  by  most  vehicles,  optimizing 
accessibility. 
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Description  of  sample  sites 

11.  At  each  predetermined  sample  site,  material  samples  were 
taken  at  depths  of  5.0  and  10.0  ft,  except  for  site  T2,  where  a  second 
sample  was  taken  at  a  depth  of  6.5  ft.  A  bulk  sample  was  taken  at  sam¬ 
ple  site  T6.  Gradational  characteristics  of  the  fine  aggregate  samples 
are  given  in  Table  1.  Sites  T1  through  T8  are  described  in  the  following 
paragraphs . 

12.  Sample  site  T1 .  Gravelly  sand  occurs  throughout,  with  gravel 
increasing  and  sorting  decreasing  with  depth.  Median  grain  size  also 
increases  with  depth  from  1.2  to  2.0  mm  (-5  to  -10  ft).  Sporadic  (less 
than  one  percent)  cobbles  and  boulders  up  to  12  in.  in  maximum  dimension 
occur.  Sand  becomes  moist  at  about  8.5  ft. 

13.  Sample  site  T2.  Gravelly  sand  occurs  down  to  a  depth  of 

7.5  ft  where  basement  rock  was  encountered.  The  material  becomes  finer 
with  depth  with  a  decrease  in  gravel  (from  29  to  21  percent)  and  median 
grain  size  (from  1.7  to  1.5  mm).  The  degree  of  sorting  increases  with 
depth,  while  the  amount  of  fines  remains  fairly  constant.  A  thin  gravel 
layer  occurs  at  a  depth  of  2  ft.  Sporadic  cobbles  up  to  6  in.  in  maximum 
diameter  occur  also.  The  sand  becomes  moist  at  about  3  ft. 

14.  Sample  site  T3.  Gravelly  sand  occurs  throughout  and  coarsens 
with  depth  as  gravel  increases  from  16  to  37  percent  and  median  grain 
size  increases  from  1.3  to  2,1  mm.  The  sorting  decreases  considerably 
with  depth,  while  the  percentage  of  fines  remains  relatively  constant. 

A  zone  of  cleaner  sand  occurs  from  7.0  to  9.2  ft.  The  maximum  size  of 
very  sporadic  cobbles  is  6  in. 

15.  Sample  site  T4.  Gravelly  sand  occurs  throughout  and  coarsens 
slightly  with  depth  as  gravel  increases  from  40  to  42  percent  and  median 
grain  size  increases  from  2.7  to  3.4  mm.  Sorting  also  increases  slightly 
with  depth.  Few  cobbles  (less  than  one  percent)  were  encountered  ranging 
in  size  up  to  6  in. 

16.  Sample  site  T5.  Two  discrete  units  of  gravelly  sand  overly  a 
unit  of  sand  with  sporadic  gravel.  The  upper  unit  contains  a  few  cobbles 
and  boulders  up  to  12  in.  in  greatest  length,  with  20  percent  gravel  and 
a  median  grain  size  of  1.4  mm.  The  second  unit,  from  5.5  to  8.5  ft,  is 
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slightly  finer  than  the  upper  unit,  with  almost  no  cobbles.  The  lower 
unit  has  only  12  percent  gravel,  a  median  grain  size  of  0.35  mm,  and 
19  percent  fines.  Sorting  increases  slightly  with  depth. 

17.  Sample  site  T6.  Two  separate  units  occur  at  site  T6,  the 
upper  being  sand  with  gravel  (39  percent),  poorly  sorted,  and  having  a 
median  grain  size  of  2.8  mm  and  very  sporadic  cobbles  and  boulders  up  to 
14  in.  in  maximum  dimension.  The  lower  unit,  beginning  at  a  depth  of 
7.4  ft,  is  sand  with  gravel  (21  percent),  very  poorly  sorted,  with 

13  percent  fines  and  a  median  grain  size  of  0.62  mm.  The  lower  unit 
contains  no  cobbles  or  boulders. 

18.  Sample  site  T7.  Gravelly  sand  becomes  slightly  finer  with 
depth  as  gravel  decreases  from  28  to  21  percent  and  median  grain  size 
decreases  from  1.4  to  1.1  mm.  Sorting  is  poor,  increasing  slightly  with 
depth.  Occasional  cobbles  and  small  boulders  occur  (less  than  one  per¬ 
cent)  with  a  maximum  size  of  14  in.,  while  the  percentage  of  fines 

(5  percent)  remains  constant. 

19.  Sample  site  T8.  Site  T8  is  underlain  by  predominantly  grav¬ 
elly  sand,  coarsening  with  depth,  but  consists  actually  of  numerous 
fining  upward  sequences  of  an  average  thickness  of  about  8  in.  Gravel 
increases  from  19  percent  at  5  ft  to  34  percent  at  10  ft,  while  median 
grain  size  increases  from  1.1  to  2.1  mm.  The  sorting  decreases  with 
depth  as  the  percentage  of  fines  (5  percent)  remains  constant.  A  few 
cobbles  and  boulders  occur  with  a  maximum  size  of  about  14  in. 

Coarse  Aggregate  Site  CA-2 

Geologic  setting 

20.  Site  CA-2  is  located  on  an  alluvial  fan  on  the  western  flank 
of  the  Tiefort  Mountains.  The  Tiefort  Mountains  are  composed  predomi¬ 
nantly  of  Mesozoic  rocks  which  include  granite,  adamellite,  granodiorite, 
tonalite,  diorite,  and  peridotite.  Also  occurring  are  sporadic  metamor- 


phic  rocks  (gneiss,  schist,  amphibolite,  and  metagranite).  Sediments 
composed  of  these  rocks  and  their  mineralogic  constituents  (quartz, 
feldspars,  amphibolite,  biotite,  and  small  amounts  of  accessory  minerals) 


have  formed  the  apron  of  alluvial  fans  which  slopes  westward  from  the 
Tiefort  Mountains  into  the  northeastern  quadrant  of  Bicycle  Lake  basin. 

21.  The  alluvial  fans  of  the  Tiefort  Mountains  result  from  the 
accumulation  of  a  thick  wedge  of  coarse  material  at  the  intersection  of 
the  mountain  front  and  the  receiving  basin  over  a  period  of  many  tens  of 
thousands  of  years.  As  sediments  were  brought  down  steep  mountain  chan¬ 
nels  by  various  processes  to  the  intermontane  basin  below,  they  were  de¬ 
posited  in  and  adjacent  to  a  channel  which  alternately  occupied  many 
different  positions  on  the  surface  of  the  alluvial  fan.  While  the  active 
channel  was  occupying  one  sector  of  the  alluvial  fan,  the  nonactive  sur¬ 
face  of  the  fan  was  undergoing  chemical  and  mechanical  weathering  from 
subaerial  exposure.  Surface  weathering  in  arid  regions  such  as  the  Fort 
Irwin  area  is  usually  most  evident  in  three  forms:  (a)  development  of  a 
dark  coating  or  patina,  known  as  "desert  varnish,"  (b)  granular  disinte¬ 
gration  from  rock  surfaces  inward,  and  (c)  spalling,  or  "onionskin" 
weathering  in  sheets  on  the  surfaces  of  rocks.  All  three  of  these  phe¬ 
nomena  were  observed  on  surface  materials  of  the  alluvial  fans  of  the 
Tiefort  Mountains. 

22.  The  acquisition  of  suitable  aggregate  from  the  alluvial  fan 
deposits  of  the  Tiefort  Mountains  would  be  best  accomplished  in  zones  of 
active  deposition,  where  the  percentage  of  fresh,  unweathered  rock  is  of 
maximum  occurrence.  One  such  area  is  the  area  of  CA-2  outlined  in 
Figure  1.  Coarse  aggregate  sample  sites  T1  (identified  as  1  in  Figure  2) 
through  T12,  T19,  and  T20  are  in  this  area.  Field  observations  reveal 
that  surface  weathering  is  generally  minor  in  this  region  and  only  thinly 
developed  on  rock  surfaces  where  it  does  occur. 

23.  Sediments  contained  in  arid  region  alluvial  fans  are  usually 
highly  variable  in  particle  size,  degree  of  sorting,  and  geometry  of 
depositional  units.  Deposits  of  the  alluvial  fan  upon  which  the  CA-2 
site  is  located  are  no  exception.  The  characteristics  of  the  deposits 
of  the  CA-2  site  are  a  function  of  the  depositional  processes  by  which 
they  were  brought  to  their  present  location.  The  five  processes  respon¬ 
sible  for  the  potential  aggregate  at  CA-2  include  stream  channel,  sheet 
flow,  sieve,  mudflow,  and  debris  flow  deposition.  The  location  of 
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discrete  deposits  resulting  from  these  five  processes  is  a  function  of 
its  relative  position  on  the  fan  surface  (proximal,  medial,  or  distal) 
and  the  georaorphic  history  of  the  alluvial  fan/channel /drainage  basin 
system. 

24.  Stream  channels  extend  from  the  upper  proximal  fan  to  the 
distal  fan.  Their  deposits  are  usually  the  result  of  bed  and  bar  aggra¬ 
dation  of  sand,  gravel,  and  small  cobbles  during  periods  of  moderate 
sediment  production  from  the  drainage  basin.  Stream  channels  decrease 

in  size  systematically  down-fan  as  discharge  is  lost  through  infiltration 
into  the  bed  to  a  point  where  the  channel  ends.  During  more  infrequent 
high  sediment  production  events,  streamflow  extends  down-fan  through  the 
end  of  the  channel  and  spreads  out  as  a  sheet  flow  on  the  distal  fan. 
Sieve  deposits  are  formed  when  viscous  flows  of  mud,  cobbles,  and  boul¬ 
ders  flow  out  onto  a  highly  permeable  surface  on  the  proximal  and  upper 
medial  fan.  The  fines  are  rapidly  lost  through  infiltration  into  the 
underlying  material  resulting  in  a  relatively  well-sorted  lobe  of  cob¬ 
bles  and  boulders  at  the  top.  Mudflows  occur  when  sediment  to  »ater 
concentrations  reach  such  a  level  that  the  flow  begins  to  behava  as  a 
plastic  mass  rather  than  a  Newtonian  fluid.  As  they  exit  the  drainage 
basin  onto  the  fan,  they  spill  over  the  channel  banks  and  flow  as  lobes 
onto  the  lower  proximal  and  medial  fan  surface.  When  sediment  concen¬ 
trations  become  very  high,  large  boulders  become  entrained,  buoyed  by 
the  relatively  great  viscosity  and  density  of  the  flow.  These  debris 
flows  are  a  result  of  the  most  infrequent  (greatest  magnitude)  storms 
and  may  profoundly  alter  the  surface  of  the  alluvial  fan  and  the  location 
of  stream  channels.  Table  2  summarizes  the  characteristics  of  the  depos¬ 
its  at  the  CA-2  site.  Figure  2  shows  the  general  locations  of  the  depos¬ 
its  on  the  surface  of  site  CA-2. 

Geologic  influences 
on  aggregate  resource 

25.  The  four  conditions  of  aggregate  sources — gradation,  petrol¬ 
ogy,  volume,  and  accessibility — were  considered  in  the  determination  of 
potential  aggregate  resources  at  the  CA-2  site.  Spatial  variation  in 
rate,  energy,  and  period  of  geomorphic  processes  is  more  variable  and 
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less  systematic  on  the  CA-2  site  than  the  FA-2  site  due  to  the  more 
spasmodic  nature  of  the  geomorphic  system  responsible  for  its  formation. 
However,  some  basic  conditions  permit  the  selection  of  the  optimum  lo¬ 
cations  for  obtaining  coarse  aggregate.  The  well-defined  down-fan 
(downslope)  decrease  in  rock  size  (Table  3)  is  caused  by  the  general 
downslope  decrease  in  energy  of  sediment  transport  processes.  Also,  a 
general  decrease  in  grain  size  with  depth  should  occur,  but  this  trend 
would  only  be  evident  in  depths  of  several  hundred  feet.  Petrologic 
variability  is  probably  minimal  with  the  probable  exception  of  a  rela¬ 
tive  increase  in  quartz  and  feldspar  (in  sand  sizes)  down-fan  as  the 
percentage  of  sand  increases.  Because  of  its  conical  shape,  the  thick¬ 
ness  of  alluvial  fan  deposits  decreases  downslope  as  their  lateral  ex¬ 
tent  increases.  The  surface  area  of  site  CA-2  shown  in  Figure  2  is 
approximately  253,000  sq  yd,  so  the  local  thickness  (which  is  probably 
at  least  200  ft)  is  not  a  limiting  factor  in  the  acquisition  of  less 
than  500,000  cu  yd  of  unprocessed  aggregate.  Accessibility  on  the  CA-2 
site  increases  downslope  in  terms  of  proximity  to  paved  roads  and  sur¬ 
face  obstacles  (boulders  and  rough  terrain) . 

Description  of  sample  sites 

26.  In  the  initial  determination  of  sample  sites  at  CA-2,  12  sam¬ 
ple  sites  were  identified  for  excavation.  Eight  additional  sites  (T13 
through  T20)  were  added  to  further  define  the  distribution  of  potential 
aggregate  in  the  CA-2  area.  Table  4  presents  the  size  classes  of  the 
coarse  aggregate  for  all  of  th •  CA-2  sites.  Sites  T1  through  T12  are 
described  in  the  following  paragraphs. 

27.  Sample  site  Tl.  Desirable  surface  material  occurs  in  a 
roughly  linear  deposit  of  boulders  with  cobbles.  Maximum  boulder  size 
is  approximately  28  in.  with  about  7  percent  of  the  material  being 
greater  chan  18  in.  in  maximum  dimension.  About  98  percent  of  the  rock 
appears  to  be  suitable  for  crushing  with  only  minor  evidence  of  surface 
weathering  apparent.  Particle  size  generally  decreases  with  depth.  A 
single  sample  was  taken  at  10  ft. 

28.  Sample  site  T2.  Potential  aggregate  is  contained  in  an  elon¬ 
gated  lobe,  which  is  dissected  by  several  small  washes.  Maximum  boulder 
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size  is  approximately  24  in.  with  about  3  percent  of  the  material  in  the 
greater  than  18-in. -size  range.  The  rocks  are  relatively  unweathered 
(recently  deposited)  but  are  not  quite  as  extensive  in  areal  extent  as 
the  material  at  site  Tl.  No  radical  change  in  particle-size  distribution 
appears  to  a  depth  of  6.5  ft,  where  a  dense,  impenetrable  layer  of  rela¬ 
tively  large  boulders  was  encountered.  The  coarse  aggregate  bulk  sample 
was  taken  at  this  site. 

29.  Sample  site  T3.  The  material  at  this  site  was  probably  de¬ 
posited  contemporaneously  with  the  material  at  site  T2  and  was  subse¬ 
quently  dissected  by  a  large  wash.  The  surface  material  is  slightly 
smaller  than  that  at  T2  with  the  maximum  dimension  of  the  largest  boul¬ 
der  about  20  in.  and  only  2  percent  of  the  boulders  in  the  greater  than 
18- in.  range.  Some  surficial  stones  exhibit  a  slight-to-moderate  degree 
of  weathering,  but  these  rocks  probably  comprise  less  than  5  percent  of 
the  total.  Maximum  particle  size  decreases  slightly  with  depth  to  7  ft, 
where  a  slightly  cemented  boulder  layer  was  encountered,  similar  to  the 
boulder  layer  at  site  T2.  A  sample  was  taken  at  a  depth  of  5  ft. 

30.  Sample  site  T4.  Potential  aggregate  exists  as  a  moderately 
well-sorted  deposit  of  cobbles  and  boulders  with  minimal  gravel  and  finer 
materials  at  the  surface.  Maximum  boulder  size  is  about  24  in.  with  ap¬ 
proximately  5  percent  in  the  greater  than  18-in.  range.  The  occurrence 
of  weathered  rock  is  slightly  greater  than  sites  Tl  through  T3  but  still 
less  than  7  percent  of  the  total  and  only  moderate  In  degree  of  develop¬ 
ment.  With  depth,  maximum  particle  size  decreases  as  the  percent  of 
sand  and  fines  increases.  Samples  were  taken  at  depths  of  5  and  10  ft. 

31.  Sample  site  T5.  Surficial  deposits  consist  of  a  wide  range  of 
particle  sizes  ranging  from  30  in.  to  sand,  with  approximately  4  percent 
of  the  material  larger  than  18  in.  in  maximum  dimension.  Locally,  sur¬ 
face  weathering  of  the  rocks  may  be  significant,  although  it  is  usually 
thinly  developed  on  most  rock  surfaces.  The  deposits  are  relatively 
homogeneous  with  depth  except  for  an  increase  in  fines.  A  sample  was 
taken  at  a  depth  of  5  ft. 

32.  Sample  site  T6.  Deposits  at  the  surface  are  similar  to  those 
at  site  T5  (wide  range  of  particle  sizes)  with  a  maximum  size  of  45  in., 
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but  only  2  percent  of  the  total  deposit  is  greater  than  18-in.  in  maxi¬ 
mum  diameter.  Surficial  weathering  of  local  materials  is  moderate. 
Material  is  relatively  homogeneous  with  depth  with  a  slight  increase  in 
fines  with  increasing  depth.  Samples  were  taken  at  5-  and  10-ft  depths. 

33.  Sample  site  T7.  This  site  is  the  only  one  located  south  of 
the  transmission  line  and  is  located  on  an  irregularly  linear  lobe  of 
cobbles  and  boulders,  which  fall  predominantly  in  the  4-  to  18-in.  range. 
The  maximum  particle  size  of  this  fairly  extensive  deposit  is  about 

48  in.  At  the  surface,  about  15  percent  of  the  material  exceeds  18  in. 
in  maximum  length  with  only  2  percent  greater  than  18  in.  in  the  sub¬ 
surface.  Surface  weathering  is  minor  to  moderate  and  very  thinly 
developed.  Subsurface  deposits  are  predominantly  finer  than  surficial 
deposits  with  maximum  sizes  in  the  14-  to  16-in.  range.  A  sample  was 
taken  at  a  depth  of  5  ft. 

34.  Sample  site  T8.  Surficial  deposits  consist  of  cobbles  and 
boulders  varying  from  4  to  24  in.  in  maximum  dimension.  In  this  very 
poorly  sorted  deposit,  about  6  percent  of  the  material  is  in  the  18-  to 
24-in.  range.  The  rock  surfaces  appear  to  be  fairly  fresh  with  only  mi¬ 
nor  evidence  of  surface  weathering.  Subsurface  materials  are  consider¬ 
ably  finer  than  surface  deposits  with  only  2  percent  being  greater  than 
18  in.  in  maximum  dimension.  Samples  were  taken  at  depths  of  5  and 

10  ft. 

35.  Sample  site  T9.  This  site  is  relatively  small,  consisting  of 
a  very  well-sorted  deposit  of  cobbles  and  boulders  in  the  4-  to  18-in. 
range.  Maximum  rock  size  is  about  22  in.  with  10  percent  occurring  in 
the  greater  than  18-in.  range.  Surface  weathering  is  minimal.  Subsur¬ 
face  material  is  completely  different  from  the  surface,  consisting  of  a 
much  more  poorly  sorted  deposit  of  gravel  through  large  boulders  with 
much  of  the  material  less  than  8  in.  in  maximum  dimension.  A  sample  was 
taken  at  5  ft. 

36.  Sample  site  TIP.  Surficial  materials  at  site  T10  are  similar 
to  those  at  site  T9  except  they  are  not  as  well-sorted.  Maximum  rock 
size  is  about  38  in.  with  about  8  percent  exceeding  18  in.  in  greatest 
length.  Surface  weathering  is  minor  to  slight.  Rocks  in  the  subsurface 
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are  more  poorly  sorted  and  generally  coarser,  with  approximately 
12  percent  in  the  greater  than  18-in.  range. 

37.  Sample  site  Til.  The  site  consists  of  several  moderately 
sorted  linear  lobes  of  cobbles  and  boulders  surrounded  by  a  very  poorly 
sorted  deposit  of  gravels  to  large  boulders.  Maximum  rock  size  is  about 
40  in.  with  approximately  6  percent  exceeding  18  in.  Surface  weathering 
is  minor  to  slight.  Subsurface  material  is  considerably  finer  with  most 
of  the  deposit  in  rocks  smaller  than  4  in.  A  second  sequence  of  coars¬ 
ening  upward  material  may  be  seen  at  the  base  of  the  trench.  A  sample 
was  taken  at  a  depth  of  5  ft. 

38.  Sample  site  T12.  Potential  aggregate  occurs  in  poorly  sorted 
irregularly  linear  lobes  of  cobbles  and  boulders,  which  vary  in  size  from 
4  to  24  in.  This  site  has  generally  smaller  size  materials  than  the 
preceding  locations  with  only  about  1  percent  of  the  rock  exceeding  the 
18  in.  in  maximum  dimension.  Surface  weathering  is  minor  to  slight. 
Materials  in  the  subsurface  are  not  substantially  different  from  those 

at  the  surface  except  for  the  increase  in  fines.  A  sample  was  taken  at 
a  depth  of  5  ft. 

39.  Coarse  aggregate  sample  sites  T13  through  T20  described  below 
are  located  downs lope  of  the  optimum  coarse  aggregate  region  at  the  CA-2 
site.  They  were  excavated,  and  in  some  cases  sampled,  in  order  to  pro¬ 
vide  maximum  information  for  the  contractor  in  locating  optimum  aggre¬ 
gate  sources.  They  were  not  included  in  the  list  of  primary  sample 
sites  to  be  excavated  at  CA-2. 

Site  T13.  Gravel  and  cobbles  occur  as  stringers  in  a 
silty  sand  matrix,  becoming  slightly  cemented  at  the  base 
of  the  trench.  No  sample  was  taken. 

b^.  Site  T14.  The  site  consists  of  gravel  with  a  few  cobbles 
in  a  silty  sand  matrix,  becoming  slightly  cemented  at 
-6  ft.  No  sample  was  taken. 

c.  Site  T15.  Gravel  with  cobbles  occur  in  a  silty  sand  ma¬ 
trix  at  this  site,  with  an  increase  in  coarse  materials 
with  depth.  Gravel  and  cobbles  are  found  throughout,  not 
as  stringers..  Maximum  diameter  is  about  6  in.  No  samples 
were  taken. 

<i.  Site  T16.  The  excavated  section  consists  of  cobbles  with 
boulders  in  a  silty  sand  matrix  with  sporadic  lenses  of 
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gravel  in  silty  sand.  Occasional  boulders  noted  up  to 
30  in.  No  samples  were  taken. 

e_.  Site  T17.  The  site  consists  of  cobbles  with  a  few  boul¬ 
ders  in  a  silty  sand  matrix.  Samples  were  taken  at 
depths  of  5  and  10  ft. 

f_.  Site  T18.  Cobbles  with  a  few  boulders  occur  in  a  silty 
sand  matrix.  Larger  cobbles  and  boulders  are  found  in 
several  layers,  two  rocks  thick  above  lenses  of  better 
sorted  gravel  and  sand.  No  samples  were  taken. 

£.  Site  T19.  The  excavated  section  consists  of  cobbles  with 
a  few  boulders  in  silty  sand,  occurring  very  generally  in 
horizontal  layers.  At  7.3  ft,  the  material  becomes  finer 
(mostly  gravel  with  sand),  packed,  and  slightly  cemented. 
No  samples  were  taken. 

Ji.  Site  T20.  Cobbles  with  a  few  boulders  occur  in  silty 
sand.  At  about  6  ft,  the  material  becomes  slightly  ce¬ 
mented,  oxidized,  and  slightly  better  sorted  in  small 
cobbles  and  gravel  in  sand.  Samples  were  taken  at  depths 
of  5  and  10  ft. 


PART  III:  DISCUSSION  OF  LABORATORY  TEST  RESULTS 


40.  The  results  of  the  laboratory  testing  program  conducted  by 
the  South  Pacific  Division  Laboratory  are  presented  in  Appendix  A.  A 
discussion  of  the  laboratory  test  results  describing  the  potential  of 
the  aggregate  sources  follows. 
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41.  The  minus  3- in.  material  from  both  FA-2  and  CA-2  sites  is 
suitable  for  use  as  subgrade  and  subbase  course.  Material  from  site  FA-2 
is  suitable  as  subbase  material  with  a  design  California  Bearing  Ratio 
(CBR)  40  when  compacted  to  100  percent  of  the  CE-55  compaction  effort. 

The  minus  3-in.  material  from  site  CA-2  is  suitable  as  subbase  material 
with  a  design  CBR  50,  the  maximum  design  CBR  that  can  be  assigned  to  a 
subbase  material,  as  described  in  TM  5-824-2/AFM  88-6,  Chap.  2  and 
5-822-5/AFM  88-7,  Chap.  3  (Headquarters ,  Dept,  of  the  Army  and  the  Air 
Force,  1969  and  1971)  and  TM  5-823-2  (Headquarters,  Dept,  of  the  Army, 
1958).  Based  on  bulk  sample  information,  less  than  4  percent  of  the 
material  at  site  FA-2  is  larger  than  a  3-in.  sieve  size,  while  over 

50  percent  of  the  material  at  site  CA-2  is  larger  than  a  3-in.  sieve 
size.  Site  FA-2  is  more  accessible  than  CA-2;  however,  material  from 
site  CA-2  would  require  less  water  for  compaction.  Optimum  water  con¬ 
tent  is  6.5  percent  for  CA-2  material  and  10.5  percent  for  FA-2  material. 
Laboratory  CBR  values  were  significantly  higher  for  the  CA-2  material. 

42.  The  minus  3-in.  select  borrow  material  from  site  CA-2  would 
be  suitable  for  base  course  beneath  rigid  pavements  when  compacted  to 
the  requirements  of  TM  5-824-3/AFM  88-6,  Chap.  3  (Headquarters,  Dept,  of 
the  Army  and  the  Air  Force,  1970). 

Soil  Cement  Stabilization 


43.  Based  on  the  soil  cement  laboratory  data  on  site  FA-2  materi¬ 
al,  a  cement  content  of  approximately  5  percent  (by  weight)  would  be 
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required  to  meet  the  7-day  compressive  strength  of  at  least  250  p si  for 
use  as  a  subbase  for  flexible  or  rigid  pavements,  as  specified  in 
TM  5-822-4/AFM  88-7,  Chap.  4  (Headquarters,  Dept,  of  the  Army  and  the 
Air  Force,  1982).  Since  material  from  site  FA-2  is  already  suitable  as 
subbase  with  a  design  CBR  40  when  compacted  to  100  percent  of  the  CE  55 
compaction  effort,  it  is  doubtful  that  additional  benefits  obtained  by 
cement  stabilizat ion  would  be  economical  for  the  FA-2  material.  How¬ 
ever,  if  cement  stabilization  is  used,  the  procedures  contained  in 
T>1  5-822-4/AFM  88-7,  Chap.  4,  should  be  followed  for  determining  the 
design  cement  content  and  moisture-density  relations  of  the  soil-cement 
mixture. 


Stabilized  Aggregate  Base  Course 

44.  Based  on  the  laboratory  abrasion,  Atterberg  limits,  gradation, 
compaction,  and  soaked  CBR  test  data,  the  aggregate  from  site  CA-2  is 
suitable  for  use  as  a  stabilized  aggregate  base  with  a  design  CBR  80 
(TM  5-823-2  and  TM  5-824-2/AFM  88-6,  Chap.  2).  Compaction  requirements 
should  be  at  least  100  percent  of  the  CE  55  compaction  effort.  The 
1-1 /2-in.  maximum  size,  crushed,  graded  sandy  gravel  from  site  CA-2, 
which  was  used  as  the  stabilized  aggregate  base  course,  was  nonplastic 
and  had  an  optimum  moisture  content  of  6  percent  for  the  CE  55  compac¬ 
tion  effort.  Soaked  laboratory  CBR  values  ranged  from  140  to  240  when 
this  material  was  compacted  at  100  percent  of  CE  55  between  a  moisture 
content  range  of  4.5  to  7.5  percent,  which  could  be  expected  during 
field  construction.  The  laboratory  CBR  values  are  probably  higher  than 
those  that  can  be  expected  in  the  field  because  of  the  confinement  ef¬ 
fects  of  the  compaction  mold.  Although  laboratory  data  regarding  aggre¬ 
gate  shape  and  percent  of  fractured  faces  were  not  reported  for  the  ma¬ 
terial  tested,  these  data  can  be  controlled  during  production  crushing 
to  meet  the  specification  requirements  in  CE-807.03  (Dept,  of  the  Army, 
OCE,  1972a). 
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Bituminous  Concrete 


45.  Table  10  of  the  laboratory  report  (Appendix  A)  presents  a 
summary  of  the  asphalt  concrete  mix  design  data.  The  percent  retained 
stability  does  not  meet  the  specifications  required  by  CE-807.22  (Dept, 
of  the  Army,  OCE,  1972b).  For  the  500-pound  Marshall  stability  mix 
design,  the  percent  retained  stability  was  55  and  the  minimum  specifi¬ 
cation  was  75.  For  the  1800-pound  Marshall  stability  mix  design,  the 
percent  retained  stability  was  45  and  the  minimum  specification  was  75. 
Therefore,  an  antistripping  agent  should  be  added  and  the  mix  design  run 
again.  It  is  recommended  that  1  percent  hydrated  lime  be  used  as  the 
antistrip  agent.  For  plant  pioduction  the  lime  could  be  sprayed  on  the 
aggregate  as  a  slurry. 


Portland  Cement  Concrete 


46.  The  following  is  a  summary  comparing  the  concrete  test  speci¬ 
fications  with  laboratory  test  results  (Appendix  A).  These  concrete 
specifications  (CRD-C)  are  described  in  the  Handbook  for  Concrete  and 
Cement  (WES,  1981). 

Gradation  of  Aggregate. 

Coarse  aggregate.  (Spec.  ASTM  C  33  (1978a)) 


Percent  Passing 


Sieve  Size 

Spec . 

No.  4-3/4 

CA-2 
Pit  Run 

CA-2 

Crushed 

33 

67 

Combined 
Percent  Crushed 
Percent  Pit  Run 

2  in. 

— 

— 

— 

— 

1-1/2  in. 

— 

— 

— 

— 

1  in. 

100 

100 

100 

— 

3/4  in. 

90  -  100 

100 

100 

100 

1/2  in. 

— 

67.3 

60.8 

64 . 6 

3/8  in. 

20  -  55 

50.0 

34.7 

45.0 

No.  4 

0-10 

— 

— 

— 

No.  8 

0-5 

— 

— 

— 
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Fine  aggregate.  (Spec.  ASTM  C  33) 


eve 

Size 

Spec. 

FA-2 

Pit  Run 

CA-2 

Crushed 

Pit  Run  Plus 
5.5  Percent 
Crushed 

3/8 

in. 

100 

100 

100 

100 

No. 

4 

97  +  3 

100 

100 

100 

No. 

8 

85  +  5 

82 

65 

81 

No. 

16 

70  +  10 

57 

43 

56 

No. 

30 

45  +  15 

35 

26 

35 

No. 

50 

20  +  10 

19 

22 

19 

No. 

100 

6  +  4 

6 

17 

7 

FM 

2.40  to 

3.01 

3.27 

3.02 

b.  Organic  Impurities. 


On  sand 
FA- 2 


c.  Abrasion  Tests. 


Coarse  aggregate 
CA-2 


M  SO  Soundness 
d.  r  4 


Coarse  aggregate 
CA-2 


Fine  aggregate 
CA-2 

Fine  aggregate 
FA- 2 


Spec.  CRD-C  12 
Clear 


Spec.  ASTM  C  33 
50  percent,  maximum 


Spec.  ASTM  C  33 
18  percent,  maximum 

Spec.  CRD-C  133 
15  percent,  maximum 


Test  Results 
Clear 


Test  Results 

29  percent 
24  percent 


Test  Results 
3.3  percent 

Test  Results 
8.5  percent 


15  percent,  maximum  17.1  percent 
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e.  Soft  Particles. 


Coarse  aggregate 
CA-2 

(1-1/2-in. -No.  4) 


Spec.  CEGS-02611  (6.1.5) 
(Dept,  of  the  Army, 
_ OCE,  1975) _ 

Airfield  pavement 
2  percent  maximum 


Test  Results 
1.3  percent 


Spec.  CEGS-02611  (6.2.4)  Test  Results 


Fine  aggregate 
FA-2 

(minus  No.  4) 


Clay  lumps  and  friable 
part.  1.0  percent 

-  No.  200  material 
3.0  percent 

Total  all  deleterious 
3.0  percent 


1.3  percent 


2.6  percent 


3.9  percent 


f .  Quick  Chemical. 


Coarse  aggregate 
CA-2 

Fine  aggregate 
CA-2 

Fine  aggregate 
FA-2 


Spec.  CRD-C  128  (Table  2)  Test  Results 


All  3  points 
lie  on  innocuous 
side  of  curve 


All  3  points 
lie  on  in¬ 
nocuous  side 
of  curve 


Shape  of  Coarse  Aggregate. 


Spec.  CEGS-02611  (6.1.3)  Test  Results 

20  percent  maximum  flat  — 

or  elongated  particles. 

Generally  be  spherical 
or  cubical 


Shape  of  Fine  Aggregate. 


Spec.  CEGS-02611  (6.2.2)  Test  Results 

Generally  spherical  or  — 

cubical  shape  particles 
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Petrographic  Examination. 


Spec.  CEGS-02611 

Coarse  aggregate 
(6.1.5) 

Fine  aggregate 
(6.2.4) 


i .  Mortar  Cube  Strength. 

Spec.  CRD-C  116 
CA-2  sand 

FA-2  sand 


Test  Results 


Test  Results 


7  days  =  1.7 
28  days  =  1.5 

7  days  =  2.0 
28  days  =  1.9 

(Ratio  of  sand 
to  OTTAWA  sand) 


k.  Mortar  Bar. 


Spec.  CRD-C  123 


Test  Results 


Alkali-silica  reactive 
if  expansion  >0.10 
at  6  mo.  or  expansion 
>  0.05  at  3  mo. 


Alkali-silica 
reactive 
(based  on 
phone  call  to 
Paul  Hetch  on 
1-7-82) 


_1.  Drying  Shrinkage. 


Spec.  CRD-C  25 


Test  Results 


47.  The  gradation  requirements  can  be  adjusted  in  the  field  to 
meet  the  specifications. 

48.  The  M  SO  soundness  test  on  the  fine  aggregate  from  FA-2  did 

g  * 

not  meet  the  specification;  however,  this  test  is  not  important  when  the 
total  concrete  aggregate  mix  (coarse  plus  fine  aggregate)  is  considered. 
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49.  The  mortar  bar  test  showed  the  Fort  Irwin  aggregate  to  be  po¬ 
tentially  reactive  in  the  alkali-silica  reaction.  Therefore,  protective 
measures  should  be  used.  The  use  of  low-alkali  Portland  cement  should 
be  required.  If  that  requirement  is  not  possible,  then  an  effective 
pozzolan  as  described  in  ASTM  C  441  (1978b)  should  be  used. 

50.  A  review  of  the  gradations  of  the  FA-2  test  pit  materials  in¬ 
dicated  that  test  pit  sites  T7  and  T8  offered  the  best  potential  for  the 
fine  aggregate  source.  In  general,  the  material  at  these  sites  will  meet 
the  ASTM  C  33  (1978a)  fine  aggregate  specifications  when  the  +  No.  4  ma¬ 
terial  is  removed  and  some  or  all  of  the  -  No.  200  material  is  removed. 

51.  A  review  of  the  gradations  of  the  CA-2  test  pit  materials 
(Tables  3  and  4)  shows  that  coarse  aggregate  potential  with  rocks  greater 
than  a  4-in.  size  ranges  from  0  percent  at  downslope  sample  site  T14  to 
only  22  percent  at  T20.  Material  in  this  area  is  basically  a  silty  sand 
containing  cobbles  with  a  few  boulders.  Development  of  coarse  aggregate 
material  downslope  from  sample  site  T20  would  be  expensive  because  of 

the  low  percentage  of  desirable  aggregates  available.  However,  the  de¬ 
velopment  at  sample  site  T1  and  proceeding  upslope  to  T8,  an  average  of 
58  percent  of  the  material  is  greater  than  4  in.  Also,  since  only  about 
4  percent  of  the  material  between  T1  and  T8  is  larger  than  18  in.,  this 
material  could  be  excavated  and  processed  at  a  reasonable  cost.  Since 
most  sample  sites  were  located  north  of  the  power  transmission  line,  de¬ 
velopment  at  the  coarse  aggregate  site  in  this  area  would  be  recommended. 

52.  Parts  or  all  of  the  following  aggregate  test  results  were  not 
included  in  the  laboratory  report  (Appendix  A). 

a.  Shape  of  Coarse  Aggregate,  CRD-C  119. 

_b.  Shape  of  Fine  Aggregate,  CRD-C  120. 

_c.  Petrographic  Examination,  CRD-C  127. 
d_.  Mortar  Bar,  CRD-C  123. 

£.  Drying  Shrinkage,  CRD-C  25. 
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PART  IV:  CONCLUSIONS  AND  RECOMMENDATIONS 


Conclusions 


53.  Based  on  the  field  explorations  conducted,  the  geology  of  the 
aggregate  sources,  and  the  results  of  the  laboratory  tests  conducted, 
the  following  conclusions  are  made. 

a^.  The  aggregate  sites  designated  as  FA-2  and  CA-2  (Figure  1) 
contain  adequate  quantities  of  good  quality  sand  and 
gravel  suitable  for  use  in  the  planned  construction  ac¬ 
tivities  at  Fort  Irwin.  The  fine  aggregate  site  FA-2  is 
readily  accessible  by  paved  road,  and  excavation  costs 
should  be  low.  Excavation  costs  for  the  coarse  aggregate 
site  CA-2  should  be  reasonable;  however,  construction  of 
an  access  road  to  the  site  would  be  required. 

Jj.  The  minus  3-in.  select  borrow  material  from  both  FA-2  and 
CA-2  sites  is  suitable  for  use  as  the  subgrade  and  sub¬ 
base  course. 

jc.  A  cement  content  of  8  percent  (by  weight)  would  be  re¬ 
quired  to  obtain  a  7-day  compressive  strength  of  400  psi 
for  the  FA-2  material. 

d^.  Crushed  aggregate  from  site  CA-2  is  suitable  for  use  as  a 
stabilized  aggregate  base  with  a  design  CBR  80. 

e.  Aggregate  from  site  CA-2  is  suitable  for  use  in  bitumi¬ 
nous  concrete;  however,  stripping  is  a  problem  with  the 
Fort  Irwin  aggregates.  An  antistripping  agent  will  be 
required . 

_f.  Good  quality  Portland  cement  concrete  can  be  produced 

using  aggregates  from  both  CA-2  and  FA-2  sites;  however, 
the  aggregates  are  potentially  reactive  in  the  alkali- 
silica  reaction  and  protective  measures  should  be  used. 


Recommendations 


54.  It  is  recommended  that: 

ji.  Fine  aggregate  site  FA-2  be  developed  in  the  vicinity  of 
sample  sites  locations  T7  and  T8  (Figure  1).  Material  at 
these  locations  would  require  the  least  processing  to 
meet  the  fine  aggregate  specifications  for  portland  ce¬ 
ment  concrete. 
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Development  at  the  coarse  aggregate  site  CA-2  (Figure  2) 
be  started  near  sample  site  T1  and  proceed  uphill,  keep¬ 
ing  north  of  the  power  transmission  line. 

An  antistripping  agent  be  added  and  the  bituminous  mix 
design  run  again.  One  percent  hydrated  lime  be  used  as 
the  antistrip  agent.  For  plant  production  the  lime  could 
be  sprayed  on  the  aggregate  as  a  slurry. 

Low-alkali  portland  cement  be  required  in  the  concrete. 

If  that  requirement  is  not  possible,  then  an  effective 
pozzolan  as  described  in  ASTM  C  441  should  be  used. 
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Table 


Note:  Two  samples  were  taken  at  each  site.  Sample  1  was  taken  at  5  ft  and  sample  2  at  10  ft. 
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Proximal  is  the  upper  fan;  medial,  the  mid-fan;  and  distal,  the  lower  fan 


Table  3 


Downslope  Variability  of  Rock  Sizes,  Site  CA-2 


mSISni 

Maximum 
Diameter,  in. 

Percent 
>18  in. 

Percent 
>8  in. 

Percent 
>  4  in. 

Percent 
<4  in. 

T8 

24 

4 

44 

69 

31 

T6 

45 

2 

12 

32 

68 

T5 

30 

4 

34 

69 

31 

T4 

24 

5 

13 

48 

52 

T3 

20 

2 

32 

67 

33 

T2 

24 

3 

43 

68 

32 

T1 

28 

3.5 

38.5 

57.5 

42.5 

T20 

24 

3 

9 

22 

78 

T19 

26 

2 

3 

15 

85 

T18 

18 

0 

4 

13 

87 

T17 

14 

0 

3 

11 

89 

T16 

30 

3 

18 

30 

70 

T15 

6 

0 

0 

2 

98 

T14 

4 

0 

0 

0 

100 

T13 

4 

0 

0 

0 

100 

Note:  Sample  sites  are  listed  in  order  from  upslope  (T8)  to  down- 
slope  (T13).  Sample  sites  T7,  T9,  T10,  Til,  and  T12  are  not 
listed  because  they  are  in  redundant  slope  positions. 


Table  4 


Size  Classes  of  Aggregate  at  CA-2  Sample  Sites 


Trench 

Maximum 

in* 

Percent 
>18  in. 

Percent 

8  -18  in. 

Percent 
4*8  in. 

Percent 
<  4  in. 

T1  (0-5') 

28 

7 

60 

18 

15 

(5  -10’) 

0 

10 

20 

70 

T2  (0  -  10') 

24 

3 

40 

25 

32 

T3  (0  -  10') 

20 

2 

30 

35 

33 

T4  (0  -  10') 

24 

5 

8 

35 

52 

T5  (0  -  10') 

30 

4 

30 

35 

31 

T6  (0  -10') 

45 

2 

10 

20 

68 

T7  (Surface) 

48 

15 

55 

28 

2 

(1  -10’) 

2 

8 

10 

80 

T8  (Surface) 

24 

6 

68 

16 

10 

(1  -10’) 

2 

12 

34 

52 

T9  (Surface) 

22 

10 

40 

45 

5 

(1  -*io') 

10 

12 

18 

60 

T10  (Surface) 

38 

8 

15 

60 

17 

(1  -10') 

12 

30 

28 

30 

Til  (Surface) 

40 

6 

40 

28 

26 

(1  -10') 

0 

2 

6 

92 

T12  (0  -10') 

24 

1 

6 

30 

63 

T13 

4 

0 

0 

0 

100 

T14 

4 

0 

0 

0 

100 

T15 

6 

0 

0 

2 

98 

T16 

30 

3 

15 

12 

70 

T17 

14 

0 

3 

8 

89 

T18 

18 

0 

4 

9 

87 

T19 

26 

2 

1 

12 

85 

T20 

24 

3 

6 

13 

78 

APPENDIX  A:  LABORATORY  REPORT 


DEPARTMENT  OF  THE  ARMY 
SOUTH  PACIFIC  DIVISION,  CORPS  OF  ENGINEERS 
LABORATORY 


REPORT 

OF 

AGGREGATE  TESTS 


FORT  IRWIN,  CALIFORNIA 

AGGREGATE  QUALITY  TESTS 
ON  BASE  SOURCES 


NOVEMBER  1981 

SAUSAUTO,  CALIFORNIA 


A3/W 


FORT  IRWIN 
CALIFORNIA 

AGGREGATE  QUALITY  TESTS 
ON  BASE  SOURCES 


NOVEMBER  1981 


AUTHORIZATION 

1.  The  work  reported  herein  was  requested  by  DA  Form  2544,  No.  WES-81-81, 
dated  24  July  1981,  from  the  Waterways  Experimental  Station. 

PURPOSE  AND  SCOPE 

2.  The  purpose  ol  this  study  was  to  determine  the  quality  of  the  submitted 
aggregates  for  potential  use  in  concrete,  bituminous  pavement,  soil  cement, 
select  borrow  and  base  coarse. 


SAMPLES 

3.  On  2  August  1981,  the  following  samples  were  received: 

a.  Coarse  Aggregate  -  4  tons,  from  Powerline  Wash-Pit  Run,  identified  as 
CA-2. 

b.  Fine  aggregate  -  4  tons,  from  Battalion  Hill-Pit  Run,  identified  as  ^A-2. 
r.  Fine  aggregate  -  trench  samples  -  16  sacks  -  16  samples. 

d.  Coai  sc  aggregate  -  trench  samples  -  r>6  sacks  -  18  samples. 

TEST  METHODS 

£  .  The  pit  run  coarse  aggregate  samples  were  processed,  separated  into  individual 
sizes,  and  all  +2- inch  rock  was  crushed.  Most  of  the  pit  tun  fine  aggregate 
sample- was  separated  in  +No.  4  and  -  No.  4  material.  Tests  were  made  as 
f ol 1 ows : 

a.  Abrogate 

(1)  Gradation  of  Aggr. , CRD-C-103 

(2)  Organic  Impurities,  CKD-C-121 

(  J)  Sp.  la.  .9  Absorption,  CRD-C-107  {.  108 

(4)  Abrasion  Test-:,  CliO-C-117 
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(5)  Mb  .SO-i  Soundness  ,  CRD-C-1  1  7 

(6)  Soft  Part  icles ,  CRD-C-130 

(7)  Quick  Chemical ,  CRD-C-128 

(d)  Shape  of  Coarse  Aggregate.  C RD-C-119 
(9)  Shape  of  Pino  Approbate .  CRD-C-1 20 
110)  Petrographic  examination,  CRD-C-L27 

(11)  Mortar  Cube  Strength,  CRD-C-L16 

(12)  Mortar  liar,  i:RD-C-123 
(11)  Drying  Shrinkage,  CRD-C-25 


b.  Concrete 

(1)  Selecting  Mix  Proportions,  CRD-C-3 

(2)  Making  and  Curing  Concrete  Specimens,  CRD-C-10 

(3)  Air  Content  of  Freshly  Mixed  Concrete,  CRD-C-41 

(A)  Slump  Test,  CRD-C-5 

(5)  Compressive  Strength  of  Cylinders  CRD-C-14 

((>)  Flexural  Strength,  CRD-C-1 6 

e.  Bi  t  uninons ,  Ml  I.-STD-620A 
d .  SoiJ_ 

(1)  C nun-size  Analysts,  Atterherg  Limits  and  Specific  Cravity.  Testing 
methods  conformed  to  the  procedures  described  in  Engineer  Manual,  EM-1110-2-1906, 
"Laboratory  Soil  Testing",  30  November  1970. 

(2)  Classification  The.  soil  was  classified  in  accordance  with  "The  Unified 
Soil  Classification  System",  '1TI  No.  3-357,  Appendix  A,  April  I960. 

(3)  Cal i font ia  Rearing  Ratio.  Test  methods  conformed  to  procedures 
described  in  Mil. -.STD-621  A ,  '.Method  101. 

(a)  C^omjpressive  StrenjjtJ^.  The  specimens  were  molded  to  approximately  95% 
maximum  density  in  general  accordance  with  ASTM  Designation  D  1632-63, 
except  that  they  were  formed  in  a  2.8-inch  diameter  by  6.4-inch  high  cylinder 
and  were  removed  I  rum  the  cylinder  immediately  after  compaction.  Compressive 
strengths  were  determined  in  accordance  with  ASTM  Designation  D  1633-63.  All 
specimens  were  capped  before  compression. 


TABLES,  FORMS  AND  PLATE 

5.  The  following  summary  and  data  sheets  are  included  with  this  report: 


a.  Si’ll  Forms  4  7 

b.  Table  1 

c.  table  2  -  5 

d.  WES  Forms  477 

C.  Table  ()  f.  7 


Physical  Test  of  Aggregates 
Cradation  of  Concrete  Aggregate 
Oradation  of  Trench  Samples 
Sulfate  Soundness 
Petrography 
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r. 

WES  Form  896 

Quick  Chemical  Test 

g- 

Table  3  S.  9 

Summary  Concrete  Mix  Design 

h. 

WES  Forms  553 

Mix  Design  Sheets 

i. 

Table  10 

Summary  Asphalt  Design 

j  • 

WES  Form  886 

Grading  of  Asphalt  Aggretate 

k. 

SPD  Forms  158 

Asphalt  Design 

L. 

Plate  1 

Soil  Cement  Strength 

m. 

Table  11 

Soil  Cement  -  FA-2 

n  ■ 

SPD  Form  97 

CBR,  FA-2 

o. 

SPD  Form  165 

CBR,  FA- 2,  Summary 

P- 

ENG  F01..1  20u  7 

Gradation  Curve,  CBR,  FA-2 

q- 

SPD  Form  97 

CBR,  CA-2 

r . 

SPD  Form  165 

CBR,  CA-2,  Summary 

s . 

ENG  Form  2087 

Gradation  Curve,  CBR,  CA-2 
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irU  I  OCT  74  *' 


EDITION  OP  II  PEI  II  WILL  »E  USEO  UNTIL  EXHAUITCO 


COUPS  OF  ENGINEERS,  U.S.  AWY 
SOUTH  PACIFIC  DIVISION  LABORATORY 
SAUSAUTO,  CALIFORNIA 


REPORT  OF  PHYSICAL  TESTS  OF  CONCRETE  AGGREGATE 


PROJECT 

FORT  IRWIN 

DATE 

November  198 L 

DISTRICT 

contract  no. 

SPECI  F1CATI0N 

SAND  SOURCE 

Fine  Aggregate 

DATE  RECEIVED 

COARSE  AGGREGATE  SOURCE 

Fine  Aggregate 

UAnOKATORY  NO. 

SIEVE 

SIZE  I  GRADING 


SPECIFIED  I  GRADING  (  SPECIF1 


SIEVE  _ 

SIZE  GRADING 


I  NO.  30 


MORTAR  STRENGTH 

RATIO  OF  SAMPLE  TO 

7  -  DAYS 

2.0 

0  T  TARA  SAND 

28- DAYS 

U9 

TEST 

METHOD: 

DECAN  TATI  ON 

%  PASSING  NO.  ZOO  SI  EVE 

Rocoi  vei 

i_l_9 - 

Sea  1 ped 

2.6 

TEST 

METHOO: 

ORGAKI  C  IMPURI  Tl  £S 


I COLOR! METRIC  TEST) 
TEST  METHOD. 


TEST  METHOD:  * 

LOS  ANGELES 

ABRASION  TEST 

CLASS  _ 

NO.  REVOLUTIONS 

*T.  LOSS  IN  PERCENT 

100  500 

TEST  METHOD- 

SPD  P0*H  47 

dru  I  OCT  T4 


EDITION  OP  II  PEE  II  PILL  BE  USED  UNTIL  EXHAUETeO 
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TABLE  1 


FORT  IRWIN 
GRADATIONS 


CUMULATIVE  PERCENT  PASSING 


PIT  RUN 


CRUSHED 


Sieve 

Size 

Coarse  Aggregate 
Source 

Fine  Aggregate 
Source 

Over  2"  from  Coarse 
Aggregate  Source 

2  ” 

:  12") 

68 

96 

100 

]  V 

39 

94 

95 

1" 

51 

92 

80 

3/4" 

45 

89 

70 

1/2" 

40 

85 

52 

3/3" 

38 

8j 

40 

No.  4 

30 

71 

24 

No.  8 

26 

58 

16 

No.  lb 

21 

41 

11 

No.  30 

16 

25 

7 

No.  30 

12 

14 

6 

No. 100 

8 

4 

3 

No. 200 

4.4 

1.9 

1 
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TABLE  2 


10RT  IRWIN 
SACK  GRADATION 
SURVEY 


CUMULATIVE  PERCENT  PASSING 
FINE  AGGREGATE 


Siave 

Sine 

T6-1 

T6-2 

T7-1 

11-2 

T8-1 

T8-2 

3 

100 

100 

100 

100 

100 

100 

+  24 

100 

100 

100 

100 

100 

9A 

2 

100 

95 

100 

98 

100 

91 

14 

99 

91 

97 

96 

99 

90 

1 

95 

90 

95  ' 

93 

98 

86 

3/A 

91 

88 

91 

92 

97 

82 

1/2 

8A 

85 

88 

88 

9A 

79 

3/8 

78 

83 

8A 

86 

91 

76 

No.  A 

61 

79 

72 

79 

81 

66 

No.  8 

A6 

73 

59 

68 

69 

52 

No.  16 

31 

63 

A9 

52 

53 

37 

No.  30 

17 

A8 

3A 

3A 

3A 

25 

No.  50 

9 

31 

16 

16 

16 

15 

No. 100 

6 

19 

8 

9 

7 

9 

No. 200 

5 

13 

5 

5 

5 

5 

All 


TABLE  3 


FORT  IRWIN 
SACK  GRADATION 
SURVEY 


CUMULATIVE  PERCENT  PASSING 
FINE  AGGREGATE 


Sieve 

Size 

T-l 

Tl-2 

T2-1 

T2-2 

T3-1 

T3-2 

TA-1 

TA-2 

T5-1 

T5-: 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

2 

100 

96 

99 

100 

100 

97 

100 

100 

100 

100 

99 

95 

96 

97 

98 

9A 

98 

97 

9A 

99 

1 

99 

92 

9A 

9A 

95 

89 

95 

9A 

92 

98 

3/A 

98 

89 

92 

92 

9A 

86 

88 

91 

91 

97 

1/2 

97 

8A 

83 

90 

92 

81 

00 

83 

89 

96 

3/8 

95 

79 

8A 

87 

90 

76 

72 

76 

87 

93 

No.  A 

86 

69 

71 

79 

8A 

63 

60 

58 

80 

88 

No.  8 

71 

5A 

57 

6A 

69 

51 

A7 

A0 

66 

83 

No.  i6 

A8 

35 

A  2 

AA 

A8 

39 

28 

2A 

A5 

77 

No.  30 

27 

19 

28 

26 

26 

26 

13 

13 

27 

67 

No.  50 

1A 

9 

17 

15 

11 

15 

7 

8 

16 

A5 

No. 100 

3 

5 

11 

12 

6 

8 

A 

5 

11 

23 

No. 200 

6 

A 

9 

10 

A 

5 

3 

A 

8 

19 

A12 


TABLE  4 


FORT  IRWTi. 
SACK  GRADATION 
SURVEY 


CUMULATIVE  PERCENT  PASSING 
COARSE  AGGREGATE 


Sieve 

Size 

Tl-2 

T2-1 

T3-1 

T4-2 

T5-1 

T6-1 

T6-2 

T7-1. 

T8-: 

+2*s 

100 

100 

100 

100 

100 

100 

100 

100 

100 

+2 

73 

66 

69 

90 

80 

75 

77 

79 

81 

lh 

57 

58 

59 

78 

71 

67 

65 

72 

67 

1 

47  ■ 

43 

50 

67 

62 

59 

54 

65 

57 

3/4 

42 

44 

46 

60 

57 

55 

49 

58 

50 

1/2 

37 

40 

41 

53 

50 

50 

42 

51 

44 

3/8 

35 

37 

38 

48 

46 

46 

38 

47 

39 

No.  4 

30 

31 

32 

3 

>8 

39 

30 

37 

32 

No.  8 

27 

27 

23 

31 

33 

29 

20 

29 

27 

No.  16 

24 

22 

14 

24 

26 

20 

14 

21 

21 

No.  30 

20 

17 

8 

19 

20 

14 

9 

14 

15 

No .  SO 

16 

1  3 

5 

13 

15 

9 

6 

10 

10 

No. 100 

10 

7 

3 

8 

9 

6 

4 

6 

6 

No. 200 

5 

4 

1 

4 

3 

3 

2 

3 

3 
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TABLE  5 


FORT  IRWIN 
SACK  GRADATION 
SURVEY 


CUMULATIVE  PERCENT  PASSING 
COARSE  AGGREGATE 


Sieve 

Size 

T'8-2 

T9- 1 

T10-1 

Tll-1 

T12-1 

T17-1 

T17-2 

T20-1 

T20-2 

2h 

100 

100 

100 

100 

100 

100 

100 

100 

100 

+2 

82 

80 

69 

87 

82 

90 

86 

80 

86 

ll5 

67 

69 

57 

81 

72 

81 

77 

67 

78 

1 

55 

60 

47 

73 

62 

73 

68 

56 

68 

3/4 

48 

55 

42 

66 

53 

67 

63 

49 

62 

1/2 

4  2 

50 

35 

58 

43 

61 

57 

43 

56 

3/3 

38 

47 

31 

52 

37 

56 

52 

39 

51 

No. 4 

32 

42 

26 

40 

29 

46 

43 

30 

42 

No.  8 

27 

36 

23 

34 

24  . 

35 

33 

25 

29 

No.  16 

22 

30 

21 

23 

19 

25 

23 

19 

20 

No.  30 

16 

25 

16 

15 

15 

17 

16 

13 

14 

No.  50 

12 

20 

11 

10 

11 

12 

11 

10 

10 

No. 100 

8 

15 

6 

6 

8 

7 

6 

7 

6 

No. 200 

4 

7 

3 

3 

3 

2 

3 

3 

3 

rn om: 


COMPS  Of  ENGINEERS 


ADORESSi 


FRO*:  CORPS  OF  ENGINEERS 

U.  5. 

South  Pacific  01  vision 

REPORT  OF 

SOUNDNESS  TEST 

A3m-c  88 

ADDRESS: 

P.  0.  Box  37 

Sausalito,  CA  94966 

SYMBOL 

PROJECT 

Fort  Irwin 

MATERIAL 

Coarse  Aggregate  Pit  Run 


CQAB?£  *iW»K«,TE 


SIEVE 

SI?E 

0R?tSr:v. 

3AMI1.M 

(P«i  C*n(l 

WEIGHT  OF  TEST 
IRACTIONS  BEFORE 
TEST  (Cromta) 

WEIGHT  OF  TEST 
FACTIONS  AFTER 
TEST 

WEIGHT  PASSING 
FINER  SIEVE 
AFTFR  TEST 
ACTUAL  LOSS  <9> 

%  passing  finer 
SIEVE  AFTER 
TEST 

ACTUAL  %  LOSS 

WEIGHTED  AVG 
CORRECTED 

PER  CENT  LOSS 

RUN  1 

RUN  2 

RUN  » 

Run  2 

RUN  l 

RUN  2 

RUN  1 

RUN  l 

RUN  1 

RUN  1 

.3/a"^L 

.37*4-1/8" 

“  275 
— 7.3 

300.0 

1000.0 

300.0 

1000.0 

280.  f 
972.  C 

273.0 

975.0 

20.0 

28.0 

27.0 

‘25.0 

6.6 

“715 

9.6 

~z.  y 

1.7 

077" 

2.  3 

orr 

14  -3/4" 

*>.() 

151 1 .0 

1505.0 

1992 . C 

1985.  (j 

19.0 

20.0 

hn 

1.3 

6.6 

0.6 

totals 

' 

SIX  WEIGHTED  AVG  RUN 

TOTAL  WfCSTFO  AVG  RUNS 

S  1  &  2 

3.0 

3.5 

. 

AVG 

1  ft  2 

•1  a  PER  GLUT 

CONSTITUENT 
(Sit#  L  to  1  in.) 

NO.  OF 
PARTICLES 
OEFCRE  TEST 

NO.  PARTICLES  AFTER  TEST 

SPLIT 

CRIX9LED 

CRACKED 

FLAKED  , 

SOUND 

TOTAL  1 

RUN 

1 

RUN 

RUN 

I 

RUN 

? 

•TUN 

RUN 

2 

RUN 

1 

RUN 

2 

RUN 

1 

RUN 

2 

RUN 

1 

RUN 

2 

RUN 

1 

RUN 

2 

— 

.  .  —  ......  .....  .......  .  ..... 

— 

•  - 

.... 

— 

..... 

z 

_ 

FINE  AGGREGATE 


SIEVE  ( 

S 1 7E 

GRACING 

1  OR 

tar.fr 

Wl  ICXT  OF  TEST 
FRACTIONS  BEFORE 
TEST  (Cfomt) 

WCIGhT  Of  TFSr 
FRACTIONS  AFT^R 
TEST  (Ciomt) 

X  PASSING  FINER 
SIEVE  AFTER  TEST 
ACTUAL  X  LOSS 

WEIGHTED  AVERAGE 
CORRECTED  %  LOSS 

cw 

RUN  1 

RUN  ? 

RUN  \ 

RUN  2 

RUN  » 

RUN  2 

RUN  \ 

RUN  2 

’  «  !*».. NO.  4 

0 

NO.  4.p‘ 

17 

' 100.0 

100.0 

87.0 

88.0 

13.0 

.32.0 

.  2.0  _ 

NO  f •  »« 

22 

100.0 

100  ^0 

90. 0 

83-0 

10.0 

12.0 

2. 2 

2. (l  . 

NO.  16.30 

12. 

100.0.  . 

_  JQ.O  . 

.  89.0 

10.0.. 

.  11.0.. 

L..2*2_ 

NO  TO. SO 

.  37. 

100.0 

_1QQ33 

86. Q 

95.0 

86.0.  i 

_ 14. Q  . 

.  _2-.4  ._ 

_ 0.  9 _ 

NO  SO. *00 

33 

• 

. 

0.0 

0.0 

.o.o 

1-  °-° 

NO.  100.  PAN 

6 

*  ■  ' 

* 

0.0 

0.0 

0.0 

0.0 

totals 

100 

t 

SUM  WEIGHTCO  AVG  RUN 5  1  ft  2 

9.0_ 

7.9 

AVG  TOTAL  WEIGHTED  AVG  RUNS  1  ft  2 

_ 8.3. 

PER  CENT 

REMARKS 

COARSE  AY 

CHE CHE  0 

FINE  8Y 

COMPUTED 

OATt  OF  REPORT 

*M  »OMM 
Mv.  QIC. 


*955 


477 
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TABLE  6 


FORT  IRWIN 
SUMMARY  PETROGRAPHY 

PIT  RUN  COARSE  AGGREGATE 


No. 

No . 

No. 

No. 

No . 

+2 

V* 

1 

3/4 

1/2 

3/8 

_4 

8_ 

16 

JO 

50 

100 

Granite  94 

89 

91 

90 

88 

84 

78 

70 

59 

55 

4  8 

37 

Metagranite  6 

7 

4 

5 

5 

2 

2 

- 

- 

- 

- 

- 

Andesite 

1 

3 

3 

2 

7 

6 

3 

1 

2 

1 

- 

Quartz 

3 

2 

2 

3 

4 

7 

14 

26 

28 

36 

46 

Feldspar 

2 

3 

7 

13 

14 

15 

12 

12 

Biot i te 

2 

3 

Ma  f i c  s 

1 

2 

Soft 

Particles 

0.4 

0.6 

Friable 

0.1 

0.2 

3.4 

A17 


TABLE  7 


FORT  TRW IN 
SUMMARY  PETROGRAPHY 


PIT  RUN  FINE  AGGREGATE 


i'j 

_i 

1/ 4 

1/2 

Andes  i  te 

47 

46 

48 

44 

Rasa  1 1 

28 

17 

9 

8 

Rhyo  Lite 

17 

10 

10 

9 

Met a- igneous 

3 

21 

12 

13 

Qua  ri i  te 

6 

9 

1  1 

Dacite 

10 

12 

Tuff 

2 

2 

Gran i te 

1 

Quartz 

Feldspar 

Ma  firs 

No. 

No. 

No . 

No. 

No. 

3/8 

_4 

8_ 

16 

30 

50 

ioo 

42 

36 

34 

30 

27 

23 

18 

4 

2 

1 

- 

- 

- 

- 

10 

12 

15 

11 

8 

4 

- 

12 

14 

10 

8 

2 

- 

- 

10 

12 

12 

15 

20 

17 

14 

15 

16 

18 

12 

8 

4 

4 

3 

2 

1 

- 

- 

- 

- 

4 

5 

4 

1 

- 

- 

- 

1 

5 

20 

25 

34 

1 1 

3 

8 

13 

16 

2 

5 

9 

Soft 

Part ic Les 


Fr  table 


5.  2 


0.4 


4.8 


0.4  1.3 
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WITH  SODIUM  HYDROXIDE 


ki  i  i iu *  hi  si  i  i  in  i hi.'  in  dondket;  mixture  i  i'Ui  ni.-i  ioiJS 


pro/ect  name  "f|U 

•'ONCRETC  Isl  lit 1 1 1- 1  ■!  |  in-  Fort  Irwin  MIXTURE  No. 


1)1;  II  A  Nil  I'!  MINI 
tP  I  /II 
.KAiI’i  fi  Hfl  I  Kaiser 


I")/  Dl  DM 
(  YPE 
HOI  IRI'F. 


MATER  I  AI..S 

AIR  ENT.  ADMIXTURE 

f ypi-  Lab  Standard 

AMOUNT 


i  I  Dl.  ADDRI  GATE 

* 

I  YE  I:. 

01  r 


UJAK'SI.  AoGRIGA'I !: 

i  Y1  'I  . 

Sill  INI  I 


r:  A  T  L'RIAL  "■ 

0171:-  RANGE 

%  COARSE  BULK 

SP  CiR 

ABSORPTION 

1  'OR  II  AND  P 

m:n  v 

X..XXXXX 

xxxxy.xx 

XXXXXXX 

1  '07  *1)1  ON 

o 

Z  REPLACE 

MEN  r 

xx  >;xxx 

0 

r  U'l.  ADORE  DAT  1- 

xxxxxxx 

> .  47 

4.2 

M.IAKSE  A  GDI' 

i- OAT  1 

11  Crushed  oversize 

<;•. 

IT  *  / 

1.9 

i ' 1 1 A i r. |  AODI 

in',  \  r 

1*  No. A  x  14 

A/ 

2.66 

1.1 

i  llATVSF  AUDI 

:I.i-m!1 

! 

0 

0 

AUDI. 

1.1  -Wl 

II 

A 

0 

i  DARSE  A'  Dl 

i”r*A  l  L 

1. 

0 

0 

/JJ 

sTURE  i'.'.rA 

'•i  i  , 

III  1 

...  "Dl..  'YD . 

(DU.  1 

T.  ) 

i  ;  rt  N  i 

1  U.’.'Ol  CM 

i\ 

A 

1  ’  Nl  ADD. 

U‘.,V 

9  .  ViU 

t.DAKSI  add. 

n 

.3 , 45a 

i  ( liM-- :i  ADD. 

r< 

ns> ) 

>' .  0:1  i 

i  IV  RSI  dDD. 

i 

> 

a 

i'dAP'I  ADD. 

,  W 

0 

<) 

.'OAR  SR  ADD. 

! 

o 

0 

IA !  1 

2 ')  ! 

.3. 8  A/ 

1'- 

.  DA  1 

T  A  1  .'il 

.!  !  ,'*  i 

27 

S'  '  r  <  D  1  ■ 

•525 

S/A  y  V  II  .I.RlE 

47,5 

si  1 1  h  i -■  (ic 

75 

ri. ;i.-,i  unit  wi 

1  <  1.  f-’.'l 

m  FT)  1 13 

f  CRM  I ;  . 

i 

3.  Z 

API  Ini  Dl  .t  .i  N  T 

RADI . 

(LB/CU  FT)  459 

C  ii 


•  I -I  I'  I  hi  r  liAIi. 

DEAiir,  (38”  x  6'  x  6")  2  breaks  per 
'  •  I  T  beam 

1 1  o  ADI.  I'  G I 


5  28  4  75Q 


5  14  500 

5  28  5A0 


*  Sand  consists  of  alluvial  sand  plus  5.5X  crusher  sand. 
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|..l.  ■  .  IU  i  !j|  ;!tUi:fU!N  Of  l  <  IMr 1  i .  i  i  1.  V  ,  tJKI:'  l  l<l J1'  !-- 1  IlT-JC 

(Cfo  i  3) 


RKOJLCT  NAfil 


di  1 1 1 


concrete  f<n>oim  »  rnr:  Ft.  itwin 


MIXTURE  No.  2 


PORTLAND  CEMENT 
TYRE  I/II 

i  RAIID  x  MILE  Kaiser 


roz/ulon 

TY  IT 
SOURCE 


MATE RIALS 

AIR  ENT.  ADMIXTURE 
TYRE  Lab  Standard 

AMOUNT 


FHT  Al  I'.I'FGAI  L 

I  YET  *  IV RE 

SOURCE  SOURCE 


COARSE  AGGREGATE 


MATERIALS 

SIZE  RANGE 

7.  COARSE 

BULK  GP  GR 

ABSORPTION 

PORTLAND  CEMENT 

^XXXXXX 

y.xxxxxx 

XXXXXXX 

POZZOLON 

0 

\  REPLACEMENT 

xxxxxxx 

.0 

EIRE  AGGREGATE 

xxxxxxx 

2 . 47 

4.2 

COARSE  AOO'>F 

:oatf 

A  Crushed  oversize 

.3.3 

"? ,  5><> 

1.0 

COARSE  AGGREGATE 

R  No.  4  x  l*s 

■‘.7 

V.’  a  66 

1.1 

COARSE  AGGR'E 

.CATE 

r 

0 

0 

coarse  a  coin."  cate 

n 

O 

0 

OARCE  AGGRF 

:gau 

K 

0 

0 

Ml 

v.UIRt  DATA 

(JJ./iTJ,  Ylt, 

"OL./YO.  <ClJ. 

1-  r. ) 

CEMENT 

sc./ 

2.94.’ 

CO v  ill. ON 

0 

i\ 

'  T!ifc;  AON. 

13 'XI 

•  ’  »  45! "7 

■  OARSE  mGG • 

A 

■ .« 1 

.3 .  asp 

!  MARGE  AGO. 

f: 

l  • 

.  ,3B'.:> 

'o,'.k'.:l  agg. 

c 

0 

»Ji 

''GARGi:  AGG  • 

u 

0 

0 

•.Mi’. ROE  AGO  • 

F 

0 

0 

i  r.  ::*• 

#  • . 

.3 , 8  • 

A  1  R 

xxxyxxx 

.81 

f  OT  AL 

37 11 

97 

i  i/i.;  i.ui  i  ) 

. 

13 

S/A  / 

VOLUME 

43.5 

'  l.UMR  (IN.) 

75 

AG'GAI  (I  S. IT  UIT  (LB/CU  FT)  144. 

•IT:  CfHTEUT 

z 

3 

Arm. 

M  1 1  MFiTT  1-  ACT  . 

< LB/CU  FT)  537 

GI  T  0 

1  Ml  fl  DATA 

C  Y 

Mill  RG 

BEAMS  (35" 

x  6"  x  6")  2  breaks 

or : 

T- 

CT7F 

beam 

No 

A'-T  psi 

Mi.  AGI ' 

RSI 

5 

23  5750 

5  14 

620 

5  28  675 


*  Sand  consists  of  alluvial  sand  plus  5.51  crusheer  sand 
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•  )f;  : 

III  ' 

.11.  IT  C  l  Hill  Of  1  (INCkl  ll  id  i  y.TUIC" 

:  ■i-nmaxT  Wi" 

cepe  c  ’ 

f.;i.  11.  C  f  NAME 

DATE 

ofcu-i  ir  ui  cu.i id  ■  :  'H-. 

Fort  Irwin 

MIXTURE  No.  3 

■| Jl  VI.  lit  111  1  1  !  IE.W  1 

V,  V,  VII 

’IT  !P  n  111  Kaiser 

POZ.’OLON 

1  Yll. 

SOURCE 

MATERIALS 

AIR  ENT.  ADMIXTURE 

TYPE  Lab  Standard 

AMOUNT 

^  f  1  "i  ill 1  l/l  .1 

1  i 

:  GO  If 

TYPE 

COARSE  AGGREGATE 

'-(JUUI'I: 

SOURCE 

HA IE RIALS 

I. 

1  Zf  RANGE 

7-  COARSE 

BULK  SP  GR  ABSORPTION 

PORT LAND  C 

[".HE  NT 

XNxyxx  < 

XXXXXXX 

XXXXXXX 

10/ SOI  ON 

;  r.T  i  d  acemen  v 

XXXXXXX 

0 

;  i  ne  aucri: 

,ii 

XXXXXXX 

3.47  4.2 

COARSE  .,00 

VEIT.  Vli.  A 

Crushed  oversize 

U 

2.  Lit  1.9 

l  iARSL  AO  1  i 

.EGA  1 1  (.< 

No.  4  x  14 

6  -1 

2.66  1.1 

•  OA;-*-t  V.  '0 

•'!  ' :  A 1 1  ' 

<) 

0 

COARSE  i.OO 

:  hi  1 1  |' 

^\ 

0 

i  i.n’.RGL  oOO 

.1  iV.TI  , 

\ 

0 

i  i 

rm  i  ha  i  a 

*’  ,  /  CM. 

\  i , 

701..  ./YD.  U.U.  FT.) 

,  :  n!  NV 

o'  1  i 

7  t  2*  *  t 

:  o  .’oi  no 

0 

0 

1  IN  A : 

l  1  49 

7 . 400 

1  M  "fl  l  .l  ill 

.  A 

ao  : 

3 . 760 

ODAIO'E  AGO 

.  B 

i  '/■■'i 

7 . 65 

•  •OAPSI.  AGO 

.  C 

o 

/) 

‘  lOnl.'SE  i)i)0 

,  .D 

0 

0 

i  OAKlif  Vil.'O 

.  I.. 

n 

MAI  f'  R 

240.9 

3.861 

ill 

• ,  ,\ . . . 

.‘.ml; 

,  i  i :  Ml. 

V.‘  I ,  ■ 

27 

'  .  <l."  • 

37 

*  >.  » •/ 

VOLUME  39,5 

1  "i:V-  .  ill. 

.  75 

MCHiAL  UNIT  Nl  U..E/CU  F  i>  144.9 

.  i :  cpmiim 

l  ". 

3.5 

ACT! 'A 

L  CEMENT  i  ACT.  (ED/CU  I  T)  651 

Oi  l  • 

"  1  Ml  i '  DA )  A 

CYI  1 

;  i  •• 

<T||  I,;-  ; 

BEAMS 

N 

j  *■  i 

n  Ace 

v  >  a.  .clU 

N.i  AGE  PS1 

5  14  645 

5  28  695 

*  Sand  consists  of  alluvial  sand  plus  5.5?  crusher  sand. 
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REPORT  111  SELECTION  OF  CONCin.1l  MIXTURE  PPOPORT  r DNS 

(cr. i  3> 


PROJECT  Mi'. OF  HATE 

CONCRETE  REOlUREll  FOR  Ri  XRHIN  MIXTURE  No.  4 


PORTLAND  CFPXNT  POZZQLOM 

•YPC  j/n  type 

GUANA  ?.  MILL  Kaiser  SOURCE 

FINE  A i .GPFGA IE 

TYPE  *  TYPE 

SOURCE  SOURCE 


MATERIALS 

AIR  ENT.  ADMIXTURE 
T  EPF.  Lab  Standard 
AMOUNT 


COARSE  AGGREGATE 


MATERIALS 
PORTLAND  CEMENT 


SIZE  RANGE 
XXXXXXX 


%  COARSE  BULK  SP  OR  ABSORPTION 

XXXXXXX  XXXXXXX 


POZZOLON 

0  X  PI  I'l 

ACFMINI  XXXXXXX  0 

-"INF  AGURCo 

ATE 

X  *  • 

2.4  7 

4.2 

COARSE  AGGP 

1  (.1  1 1 1 .  .  Crushed  oversize 

2 .  SA 

1.9 

COARSL  AGGP 

EG  ATE  If  No.  4 

x  llj  67  2.66 

1.1 

i.  fiARBF.  AGGREGATE  >' 

0 

0 

'  UARSE  AllOPI  Tii’i  1 1.  D 

0 

0 

1  it  A  REE  Ai;ij|. 

EGA  IE  E 

0 

0 

m  r  v  1 1  ii:i_: 

DATA 

Wl./Lll.  YVI. 

VOL. /YD.  CCIJ.  FT.) 

CEMENT 

40  V 

2.087 

I'OZZOL  ON 

A 

0 

'INF  AGO. 

1  CM. 

8.833 

1  OAR SI  AGO. 

A 

si  a 

3.492 

COARSL  AUG. 

I! 

1177 

7.091 

COARSE  AGG, 

C 

0 

A 

COARSE  AGG. 

l'i 

0 

0 

COARSE  AGG. 

L 

0 

0 

1 IA  TER 

>1’  '  -J 

4.522 

AIR 

>:>;>•  vxxx 

.  972 

n  r  ai 

370/  .  2 

27 

.  1  'lif! 

.6- 

S/A »  UOI  UME 

45.5 

1  (TN. 

3.2S 

ACril.,1  UNIT  Wi  (LD/CU  FT' 

140. 

:,} h:  ci 'Mil- Hi 

■-  3.6 

Al't UAI  CEMENT  FACT.  (IP/CU  FT)  409 

Si  l  l  l  hl  fi 

DATA 

CYI  I.Nlii.1.-'.; 

BEAMS 

r 

OF. 

SIZE 

N.. 

age 

PS1 

No  AGE  PSI 

3 

1 

710 

5 

7 

2100 

5 

28 

3280 

*  Sand  consists  of  alluvial  sand  plus  3.SZ 

crusher  sand. 
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T 


ni  :>ri.  i"C  i  1 1 i i 1  or  r.oMi'h*1' 1 1.:  M'm'Ukr:  propup  i  umr, 
u:u»’  *  <> 


•  •|,*i  i  ,l|.  I .  I  NO  ill  u" u 

,;i  !,  !-;l  :>l  •  |  l.l  I  !■■'  FT.  IRWIN  3 IXI URF  Mo.  5 


iiArrf-:  iai 


•nun  .VP  i  t  lit 

iM 

ru,:<:oi  !>■' 

A fR  ENT.  ADMIXTURE 

,  Yi-i:  i/ii 

iyii: 

1  ' 1  Lab  Standard 

(lUV.MD  HI*  ■ 

Kaiser 

■OOi  n:i  i 

AMI  H  IM  1 

...  T 

cl:  ...'iic 

'V>  :  I 

'  f '  |'|  1'  5  l:: 

huoiyi  G,vn:: 

T  Y ! '  i  * 

i  v  i  i ; 

.  :0l  iRt" !:. 

E!ll  IRCF 

materials 

!.».!  r.:  1.. 

■MGF;  X  COARSE 

BULK 

SP  OR  ABSORPTION 

1  OK  ‘ !  AN  Vi  Cl  i'll- 

N  1 

•>  x  XXXXXXX 

XXXXXXX 

i  ’tJ/.'0L.llN 

•:  i-i  i-i 

Al'TMl  r-II  XXXXXXX 

() 

r  ini  (Unirn...  i 

•• 

XXXXXXX 

2 , 47  4.2 

Afii-i  i  i 

!  ! 

.  Crushed  oversize 

2.5A  1-9 

:  UiM>"T:  1-iGiil  l  1 

0  1  i 

i .  No .  4 

X  ll'i  A  7 

2  .  A  A  1-1 

•  i .  i  iM  u:!  i 

Oil 

i 

0 

:> 

'  4  .  1  OlW-.pl  1 

■VI ! 

!  i 

a 

0 

.  :i  iV.i-Kl  1 

0  1 1 

! 

o 

hi  ; m.irl"  ham, 

•-.I  i;i  i .  hi  voi 

,  /  YU  , 

ii.U  ,  r  f .  > 

:r»  r.'  i 

>0  ; 

V .  57  1 

>:/ 

V' 

0 

r  I-’S  nV  •'  • 

1 

■;■■■ ,  s.i  i 

.  u-M  ‘'1  f.'-O.  * 

C.it  1 

.5  •  Al 

>' « 1 A 1  Al  *G  .  ». 

1  '  j  7 

.  39 

■u,*;.'1  .*%■ •  ( 

.) 

0 

0 

0 

:  'Vl'!.  ;  iii.W  *  1 

0 

0 

■Y»  1  *  1. 

'o  ’  ,  ' 

t ,  523 

I'M  .'il 

V  V 

1  <  053 

i  -  ;• 

t/ 1  l-j  i  ' 

.^3 

■ '  '  l  1  •’  1 

•01.  Hi  1l:: 

11  .5 

!  Mnl  v  1  rM  / 

APTUm'. 

•i  i  r  f  i-r 

O.B/CU  1- T  >  110.7 

•  II-  l 

iVMUAI. 

I!  HEN  V 

i  act  .  a..M/cu  i  r  >  501 

••.1  i  n  1 1'*i  \)  DATA 

l 

i  •  i  • 

LUOiL. 

»  1 

■ .  .*1 

r1. 

;  .1 

i*o 

A 

if  PS  I 

3 

1 

1150 

5 

7 

2785 

5 

28 

3915 

*  Sand  consists  of  alluvial  sand  plus  5.5%  crushes  sand. 
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'.'I  .  (F.  ( 


•  ".|  I  I  n  ini)  m  I  HUCRI.  II  r:l  Ulkl  l'ki.j|:'*n|\T XO: jv_> 

..U:i  I  ■' 


KO  >'  '.I  1V1  |' 

ui'pi-t  ii  i  :  ■  •■him 


FT.  IRWIN 


'01  II  WJ  01  01  M  i 
:  V >  '  I /XX 
'  'll!  .s  H  I  1  I 


ii  ’  ,'oi  ON 
Y!  I 

•lll'l'l.l 


'.'.I  I  Y  1 1 


l'l  '  * 

.uo 


1 1  m 

HiMIRCI. 


■ifil  R  1. 7il,c. 


'll.  I  RANOl. 


HOARSE 
XXX  co/.x 


r'Of:H.ANT.i  01  Ml  Ml  XXXX 

: -or ;*oi.on  ••  r.  wn  .iri  Mim  xy.x*yvv 

ii»  ,'iOOK'l  IIAII  xv;-</xx 

.  ilM'i'ir  iVlt .1:1.  O.M I  A  Crushed  oversize 
•t»,  <l*i  1  iMU'KI  l  r.l  ’•  1  No.  4  *  IS 
Or  .KOI  Aro'.l  i  »*.  1 ' 


If  AH' IK'  '.All 

V  AO, SI  I  l  .YII 


m  .ii. 

(  I' 


.  I  A 


1 1,’ 


000  , 

•  I  01.10. 


,Y  ,1  .  .  I 

0.0. 1". 


1  I 


■  I ■  I  ill  •• 

I  ...  .1, 


I  ■ 


or.  1 1 

fir  1 1  no.  fx..  6 


I  .  .  i  rk  I  01  O 

.  .il,  I  .'■•  ■  ADMIX  JUKI: 
I  i  l  'l  Lab  Standard 

I  :■  il  ;i|i(  I 


|ii'ii-"ii  Ai  .i  i.'i,  or. . ' 


O'JI  Is  OP  OK  iV'SOlil 'T  I OM 
XVXVXXX 


0 

1’  .T 


.  *  >..•■  > 
:» . 
rs 


4.2 

1.9 

1.1 


»'ii  '''il  ,1 

v  i 


•' .  r.  i  •' ' 

i  \s\  ■ 


ur  Umi 


!  :T  •;)  (ifi/CiJ  I  T) 


\.  \  i.  *  i . 


0:1  ;  fl-l 


SI  'I 


.1'  i s.  t  i  ;  in  .'i  r iu; i .  <i  h'ru  i  i  1  aoo 

SI  I  i  O  il  t<0.  S'. 

o1  r  ii  v  > 

1  i 


'  i 


nor 


is  i 


l 

7 

28 


1590 

3800 

5110 


*  Sand  consists  of  alluvial  sand  plus  5.5Z  crusher  sand. 


AZ7 


TABLE  10 


SUMMARY  OF  ASPHALT  CONCRETE  DATA 


Spec.  Spec. 


AR  8000 

AR  4000 

Limit  (a) 

AR  8000 

AR  4000 

Limit  (b) 

Mes  i  j»n  Va  1  ue 

5.4 

5.2 

%  Total  Vo  ills  —  ~ 

- — >78 

78 

75-85 

74 

83 

70-80 

X  Voids  Filled  - 

— >  3.9 

3.0 

3-5 

4 .2 

2.U 

3-5 

Stability  (lbs) 

2740 

2490 

500 

3320 

3880 

1800 

Flow  ( l/l 00  in. ) 

13 

11 

(Max)  20 

12 

10 

IS 

(Max)  -ae- 

%  Retained  Stability 

55 

70 

75  (c) 

45 

85 

75  (c) 

(a)  Cl -807.  2-  Table  5  (Pressure  below  100  psi) 

(b)  CK-807.22  Table  5  (Pressure  above  100  psi) 

(e.)  CE-80  7.22  Para.  5.2.2 

Design  values  based  on  mix  design  studies  for  AR  8000 
Asj)h.ill_  -  lluskv  from  Hunt  Mix  Asphalt  of  Upland,  California 

Aggregate  -  Gradation  from  CE-807.22  composed  of  crushed  coarse  aggregate  with 
crusher  fines  and  sand  from  the  coarse  aggregate. 
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